Figures S1 -S8: Compilation of PXRD patterns of products from various reaction mixtures after dwelling in a DSC/TG apparatus in Ar atmosphere. Tables S3 -S6: Structure parameters and interatomic distances of DFT optimized -SiB2.5, -SiB3, -SiB3.
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Powder X-ray diffraction (PXRD) patterns of products from various reaction mixtures after dwelling in a DSC/TG apparatus in Ar atmosphere.
Figure S1: Nano-Si:B = 1:3 (black patterns) and 1:4 (red patterns) reacted at 1150 °C for various periods of time. The 2 range containing pronounced reflections from SiB36 (-boron structure) is marked in grey. The location of the 111 and 220 reflections of Si are indicated as broken blue horizontal lines. S4 Figure S2 : Nano-Si:B = 1:3 reacted at 1175 °C for various periods of time. The 2 range containing pronounced reflections from SiB36 (-boron structure) is marked in grey. The location of the 111 and 220 reflections of Si are indicated as broken blue horizontal lines. The red patterns contain only minute amounts of elemental Si. Figure S3 : Nano-Si:B = 1:4 reacted at 1175 °C for various periods of time. The 2 range containing pronounced reflections from SiB36 (-boron structure) is marked in grey. The red pattern corresponds to mainly -SiB3-x, the blue patterns to a mixture of -SiB3-x and -SiB3. Figure S4 : Nano-Si:B = 1:3 (black patterns) and nano-Si:B = 1:4 (red patterns) reacted at 1200 °C for various periods of time. The 2 range containing pronounced reflections from SiB36 (boron structure) is marked in grey. After 40 h the product of the 1:3 reaction corresponds to -SiB3-x and that of the 1:4 reaction to SiB6. Figure S5 : Nano-Si:B = 1:3 (black patterns) and nano-Si:B = 1:4 (red patterns) reacted at 1225 °C for various periods of time. After 16 h the product of the 1:3 reaction corresponds to -SiB3-x and elemental Si, whereas in that of the 1:4 reaction also SiB6 is seen. x, and -SiB3 are presented as pie charts. The phase fraction analysis was made using the HighScore Plus software from Panalytical. PXRD patterns used were collected only within 2 = 10 -50° and with fairly large step size, hence this analysis is rather approximate. S12 Powder X-ray diffraction (PXRD) patterns of -SiB3 samples. Figure S10 : PXRD patterns of -SiB3 samples made from micron-Si:B reaction mixtures with various ratios at 1200 °C and a dwelling time of 10 days. The samples were treated with a water:HNO3:HF mixture (to remove excess Si) before collecting the PXRD patterns.
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Thermal stability investigation of -SiB3-x and -SiB3. Figure S11 : Powder X-ray diffraction (PXRD) patterns of -SiB3-x (red) and -SiB3 (black) samples after heating in an Ar atmosphere at 1250 °C and 1300 °C for 16 h in a DSC/TG apparatus. The location of the 111 and 220 reflections of Si are indicated as broken blue horizontal lines. The bottom pattern is from -SiB3 prior heat treatment. After 16 h at 1300 °C there is still a larger fraction of -SiB3 present, whereas -SiB3-x decomposed completely into a mixture of Si and SiB6.
Synthesis of -SiB3-x by spark plasma sintering (SPS).
We attempted to exploit the comparatively fast kinetics of -SiB3-x formation for the simultaneous synthesis and sintering of -SiB3-x specimens in a SPS device. The SPS technique is a low voltage, direct current pulsed current activated, pressure-assisted sintering technique which allows for high sintering speeds at comparatively low temperatures [1, 2] .
Boron and silicon starting materials were mixed in molar proportions Si:B = 1:3 and 1:4. Batches of about 0.4 g starting material mixture were added into a graphite die (diameter 8 mm) being part of a Dr. Sinter SPS-530ET SPS System from Fuji Electronic Industrial Co., Ltd., Japan. This system is installed in an Ar filled glove box at Stockholm University. The Si-B mixture was covered with a graphite fiber sheet to avoid direct contact between the powder compact and the graphite die. Sintering was performed in vacuum (5×10 -5 bar) and samples were heated to 1175 or 1200 °C at a rate of approximately 250 °C/min. A pyrometer was used for temperature measurement. Dwelling time after reaching target temperature was 1 or 2 hours. Full uniaxial (zdirection) pressure was gradually applied over a 10 min period, after the sample had been dwelled 30 min at target temperature. The final pressure applied was 85 MPa. After sintering, the graphite foil was removed by sand blasting. Thereafter the outer part of the sample (about 0.2 mm) -potentially contaminated with B4C -was removed by polishing with SiC paper. So obtained sintered samples had a thickness of about 2 mm and displayed a shiny metallic luster. Sintered samples appeared hard and brittle at the same time. Edges were broken off and used for subsequent powder X-ray diffraction and scanning electron microscopy investigations. Figure S12 shows the outcome of a sintering experiment that was performed at 1175 °C for 1 h. Indeed, the simultaneous synthesis and sintering of -SiB3-x to dense specimens appears to be possible, although, with the conditions applied, there was still a substantial amount of unreacted Si in the sintered sample. In SPS processing there is quite a number of parameters, and during the course of this work we were not aiming at optimizing them toward a pure -SiB3-x specimen, but rather to show the proof of principle. If -SiB3-x were considered for applications, the availability of highly dense, sintered, specimens will be important. 
Scanning electron microscopy (SEM) investigations.
SEM investigations comprised morphological and compositional analysis (by energy dispersive X-ray (EDX) spectroscopy) of sintered pellet and crystal samples. In addition, the morphology and particle size distribution of the starting materials was examined. For studying sintered pellets, a piece of sample was affixed to an Al holder, using minimal amount of melting glue (mp 150 °C) at the junction. Conducting graphite paste was added to ensure electric conduction from sample to holder. Polishing was done mechanically with SiC paper to create a flat surface, followed by cross section polishing (CP) in a CP-09010 instrument from Jeol. CP was performed at a 90 degree angle, employing a shield from the manufacturer, and using 5.5 kV acceleration voltage for the Ar + -ion gun. For studying crystal samples, crystals were selected under an optical microscope and placed on the flat surface of an Al sample holder using a droplet of aceton to affix the crystals.
All SEM investigations were performed in a SEM JSM-7000F from Jeol which is equipped with an l-N2 cooled Inca energy dispersive detector from Oxford instruments. For EDX analysis a low acceleration voltage of 5 kV was employed in order to decrease the characteristic X-ray generation volume and thereby receive more reliable EDX data from the low Z elements (i.e. boron) in the sample. The characteristic K-line for both B and Si is below 2 keV, hence no large dampening of the signals will occur while using an acceleration voltage of 4 -5 kV (a rule of thumb is to use an acceleration voltage at least two times the energy for the highest K-line). A decreased X-ray generation volume will also result in a better resolution and less chance of penetration. Simulations indicate an information depth of about 200 nm for K type radiation at 5 kV acceleration voltage.
Images were generated using information from secondary electrons or back scattered electrons at a work distance of 15 mm and at a medium high probe current setting (7 in the instrument settings). EDX probing was performed at a work distance of 10 mm with a high probe current setting (14 in the instrument settings). However, it has not been possible to achieve quantitative analysis of Si:B ratios with EDX. The difficulty with compositional analysis of materials containing boron is that because of the low energy of the boron K-line X-rays are easily absorbed. Whereas linear absorption in the Si dead and Au contact layer of the detector can be easily corrected for, accounting for the non-linear absorption and fluorescence effects within the sample represents a challenge. In principle, corrections can be performed with materials that have a precisely defined Si:B ratio. At least three standard points from materials with different Si;B ratio are necessary for interpolation. Unfortunately, such standards were not available to us. Figure S15d : SEM backscatter image and EDX result of crystal 3.
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Analysis of starting materials.
The amorphous boron starting material employed in this work contained a substantial amount of crystalline -boron crystals. Figure S23 : The free energy of formation as a function of temperature of the lowest energy configuration of -SiB2.5, determined with respect to -Si and -SiB3. E0 is the total energy at 0 K, directly obtained from the DFT calculations. The contributions from the lattice dynamics Fvib, i.e. vibrational energy and entropy, were obtained at the harmonic level.
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Structure parameters and interatomic distances of DFT optimized -SiB2.5, -SiB3, -SiB3. 
